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1 . An ^aiatas for detemiiiiing a propagation time delay, comprising: 

at least one source adapted to generate a pharality of positioning signals; 

at least one receiver deployed along a seismic sensing cable, wherein tibe receiver is 
adapted to receive the plurality of positioning signals from Ihe at least one source; 

a plurality of computed Doppler-shifted positioning signals corresponding to the 
plumlity of positioning signals; and 

a signal processmg unit adapted to determine a propagation time delay between tiie 
source and the recdver using flie generated positioning signals, the received positioning 
signals, and the plurality of coxcqputed Doppl^ shifted positioning signals. 

2. The apparatus of claim 1, wherein the plurality of computed Doppler shifted 
positioning signals are stored in a library. 

3. The apparatus of claim 2, wherein the library compises a plurality of sets of 
computed Doppler-shifted positioning signals, each set corresponding to one of the plurality 
of positioning signals. 

4. The apparatus of claim 3, herein each cmiqyuted Doppler-shifted positioning signal 
in each of the plurality of sets comprises a computed Doppler-shifted positioning signal 
indicative of one of a plurality of velocities. 

5. The apparatus of claim 4, wherem the plurality of velocities conq>risies a range of 
velocities having a velocity resolution. 
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6. The appaiBtas of claim 1, further comprising at least one fiist velocity meter ooupled 
to the at least one source, wherein Ifae phuality of conq)uted Doppler-shifled positioxung 
signals are generated using the first velocity meter. 

7. The apparatus of claim 1, further comprising at least one second velocity meter 
coupled to the at least one receiver/ wherein the plurality of computed Doppler shifted 
positioning signals are gmerated using the second velocity meter. 

8. The i^aratus of claim 1, wherein the plurality of positioning signals comprises a 
plurality of sequences. 

9. The apparatus of claim 8, wherein the plurality of sequences comprises a plurality of 
separable sequences. 

10. The method of claim 9, wherein ibe plumlity of separable sequences comprises a 
plurality of substantially orthogonal sequences. 

11. The method of claim 10, herein the plurality of substantiaUy orthogonal sequences 
coniprises at least one of a plurality of Kasami sequences and a plurality of Maximal 
sequences. 

12. The apparatus of claim 1, wherein the signal processing unit is adapted to determine 
the propagation time delay by cross-correlating die generate positioning signal and the 
received positioning signal. 
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13. The apparatus of claim 1, v/hetem ibo signal processing unit is adapted to determine 
the propagation time delay by cross-correlating the received positioning signal with at least 
one computed Doppler-shifted positioning signal 

14. A method for determining a propagation time, comprising: 
generating at least one positioning signal using at least one source; 

receiving the at least one positioning signal with at least one receiver positioned along 
a seismic cable; 

providing at least one conoputed Doppler-shified positioning signal corresponding to 
the at least one positioning signal; and 

determining at least one jiropagation time delay fix>m tiie source to the receiver using 
the generated positioning signal, the received positioning signal, and tiie at least one 
computed Doppler-shifled positioning signal. 

15. The method of claim 14, wherein detennining the at least one propagation time delay 
comprises cross-correlating the generated positioning signal and the received positioning 
signal. 

16. The method of claim 14, wherein deternoining the at least one propagation time delay 
comprises cross-correlating the received positioning signal with the at least one computed 
Doppler-shifted positioning signal 

17. The method of claim 14, wherein providing the at least one computed Doppler-shifted 
positioning signal comprises: 



wo 2004/053527 PCT/EP2003/050927 

24 

deteimixiing at least one velocity; 

detemuiiing the at least one computed Doppler-shifted positioning signal using the at 
least one generated positioning signal and the at least one velocity; 

forming a library using the at least one confuted Doppler-shifted positioning signal; 

and 

accessing the library. 

18. The method of claim 17, wherein forming the library comprises providing an index to 
the at least one conq>uted Doppler-shified positioning signaL 

19. The method of claim 14, further cotnprismg coupling a first velocity meter to the 
source. 

20. The method of claim 19, wherein providing the at least one computed Doppler-shifted 
positioning signal comprises: 

determining at least one velocity usmg &e first velocity meter; and 
determining the at least one computed Doppler-shifted positioning signal for the at 
least one positioning signal using the at least one velocity. 

21. The method of claim 14, furdier comprising coupling a second velocity meter to the at 
least one receiver. 

22. The method of claim 21, wherein providing the at least one computed Doppler-shifted 
positioning signal comprises: 

determining at least one velocity using the second velocity meten and 
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detemuning the at least one confuted Dqppler-shifted positioning signal for the at 
least one positioning signal using the at least one velodty. 

23. The method of claim 14, wherein generating the at least one positioning signal 
conqprises generating at least one sequence, receivmg the at least one positioning signal 
comprises receiving at least one sequence, providing the at least one computed Doppler- 
shifted positioning signal corresponding to the at least one positioning signal comprises 
providing at least one computed Doppler-shified sequence corresponding to the at least one 
sequmce, and determining tiie at least one propagation time delay from the source to the 
receiver using the generated positioning signal, the received positioning signal, and the at 
least one computed Doppler-shifted positioning signal conpises detomining the at least one 
propagation time delay fiom the source to the receiver using the genmted sequence, the 
received sequence, and the at least one computed Doppler-shified sequence. 

24. A method for forming a library, coinprising: 
determining a plurality of velocities; 
selecting a plurality of positioning signals; 

determining a plurality of computed Doppler-shified positioning signals for each of 
the plurality of positioning signals using the plurality of velocities; and 

providing an index to the plurality of conqputed Doppler-shified positioning signals. 

25. The method of claim 24, wherein determining the plurality of velocities comprises 
selecting a velocity range. 
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26. The metliod of claim 25, wherem selecting fhe velodty range conqnises selecting fhe 
velocity range extending from about 4 meters/second to about -4 meteis/second. 

27. The method of claim 24, wherein determining the plurality of velocities comprises 
selecting a velocity resolution. 

28. The method of claim 27, wherein selecting the velocity resolution comprises selecting 
the velocity resolution of 1 meter/second 

29. The method of claim 24, wherein selecting the plurality of positioning signals 
comqprises selecting one positioning signal for each of a corresponding plurality of seismic 
sources and seismic receive. 

30. The method of claim 24, wherein selecting the plurality of positioning signals 
comprises selecting a plurality of sequences. 

31. The method of claim 30, wherein selecting the plurality of sequences comprises 
selecting a plurality of separable sequences. 

32. The method of claim 31, wherein selecting the plurality of sepamble sequences 
con^rises selecting a plurality of substantially orthogonal sequences. 

33. The method of claim 32, wherein selecting the plurality of substantially orthogonal 
sequences comprises selecting at least one of a plurality of Kasami sequences and a plurality 
of Maximal sequence. 
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34. The mefliod of claim 30, T(dia:ejn detenmning the phnality of computed Doppler- 
shifted positioning signals con^xtises detennining a plurality of computed Doppler-shifled 
sequences. 

35. The method of claim 34, wherein det^rniining the plurality of computed Doppler- 
shified sequences comprises determining a plurality of binary computed Doppler-shifted 
sequences. 

36. The mefliod of claim 35, wherein determining the plurality of binary computed 
Doppler-shifled sequences comprises detennining the plurality of binary computed Doppler* 
shifted sequences using a threshold 

37. The meftod of claim 36, wherein detennining the plurality of binary computed 
Doppler-shifted sequences using the threshold comprises transforming a value of the 
computed Doppler-shifted sequence to +1 or -1 usfaig flie tiueshold. 

38. The method of claim 24, further comprising storing the library. 

39. A library comprising a data structure encoded on a computer-readable storage 
medium, wherein the library comprises: 

a plurality of computed Doppler-shifted positioning signals formed by: 
determining a plurality of velocities; 
selecting a plurality of positioning signals; and 



wo 2004/053527 PCT/EP2003/050927 

28 

determining fhe pfanrality of confuted Doppler-shifted positioning signals for 
each of tiie plniality of positioning signals using Ifae plurality of 
velocities; and 

an index of tiie plurality of computed Doppler-shifted positioning signals. 



40. The libiaiy of claim 39, wherein Ifae positioning signals are sequraces. 

41 . The library of claim 40, wherein fhe sequences are ortibiogonal sequences. 

42. The libraiy of claim 41, wherein tiie orthogonal sequences are at least one of a 
Kasami sequence and a Maximal sequence. 



